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Description 

The present invention relates to a method applica- 
ble for the use described in the preamble of claim 1 and 
to an apparatus basically described in the preamble of 
claim 1 1. The invention especially relates to the mixing 
of a large amount of gas with a fibre suspension. The 
purpose has been to develop a method of and an appa- 
ratus for mixing ozone gas entrained with a carrier gas 
into a ffoer suspension, yet not excluding the use of 
other chemicals. The method and apparatus in accord- 
ance with the present invention may especially be 
applied to mixing ozone with medium consistency (con- 
sistency 8 - 25 %) f tore suspensions. 

Bleaching plants today have a need to mix large 
amounts of gas with a fibre suspension. Also since the 
consistency of the f tore suspension is approximately 1 0 
to 1 5 %, it must be possible to mix a large volume of gas 
with the medium consistency fibre suspension. In other 
words, during the mixing process, the medium contains 
approximately 40 to 80 % fibre suspension and approx- 
imately 20 to 60 % gas, most usually, however, approxi- 
mately 30 to 50 %. To evenly feed such a large volume 
of gas into a medium consistency ftoer suspension and 
to achieve a good mixing result is difficult, since the gas 
separates due to local pressure differences to an area 
with lower pressure, if possible. This results in an 
increased chemical loss, an uneven bleaching result 
and a weakened process runnability. 

A number of known mixers are used, for example, 
for mixing ozone. Some of these mixers have previously 
been used for mixing liquid chemicals and which may 
also have been used for mixing gaseous chemicals. 
Typically, the mixers are efficient only when mixing rela- 
tively small gas volumes. Such mixers have operated 
satisfactorily with several gaseous chemicals used in 
bleaching. Attempts have also been made to use them 
for mixing ozone. It has been noted, however, that 
although a mixer has been able to satisfactorily mix 
small amounts of gas with a fibre suspension, the mix- 
ing of large amounts of gas, for example 10% or more, 
has not been successful. Several of the above men- 
tioned mixers have been modified for mixing large gas 
amounts, but this has typically resulted in poor, com- 
pletely unsatisfactory, mixing results. 

Another group of the prior art mixers is formed by 
recent apparatuses especially designed for mixing large 
ozone gas volumes. Many of these have reached the 
development point by now, where the prototype is 
brought to a mill and tested in mill scale. The results 
have typically been more positive than with the previ- 
ously known modified mixers. However, according to 
those who know the potential possibilities of ozone in 
the bleaching art. even the modern ozone mixers do not 
operate more than satisfactorily in mill scale. A phase 
has thus been reached where the pulp mills are rather 
satisfied with the achieved bleaching result and the rela- 
tion thereof to the investments required by the imple- 



mentation of ozone bleaching. 

However, the development staffs both in the appa- 
ratus and method fields are of the opinion that the mix- 
ing process may be improved considerably. Research 

5 has proved that the mixing process is in many cases not 
efficient enough or that the mixture of ozone and f tore 
suspension generating as a result thereof is not homo- 
geneous enough. This may become evident in many 
ways. It is possible that the pulp is bleached inhomoge- 

w neousfy and a portion of the pulp is deteriorated, 
whereby too much ozone has been dosed for the pulp 
unit in question, and whereby a portion of the pulp has 
remained without a sufficient portion of ozone thus 
becoming only partially bleached. It is also possible that 

is in the gas separation carried out after the bleaching 
reaction more ozone is separated from the pulp, which 
in practice means that the ozone has not yet sufficiently 
mixed with pulp or that the ozone has not had enough 
time to react with the fibres. It is also possible that the 

20 ozone consumption is excessive relative to the bleach- 
ing level, the reason being poor mixing of ozone with 
f tore suspension. 

It has been determined in the tests performed that 
a characterizing feature of the mixers in accordance 

25 with the prior art is that the inlet pressure of the fibre 
suspension in the mixers, or more generally the pres- 
sure effect caused by the inlet opening, whether positive 
or negative, affects the mixing process. It has also been 
found that the pressure effect of the outlet opening for 

30 the fibre suspension also affects the mixing process. 
Further it has been found that the pressure variations 
caused by the inlet opening of f tore suspension affect as 
far as to the outlet opening and the pressure variations 
of the outlet opening affect to the inlet opening. The 

35 result thereof is that a portion of the gas flows very rap- 
idly through the mixer. At its worst, it may be assumed 
that the mixer has a channel through which a portion of 
the gas flows almost without any obstructions. Accord- 
ingly, a portion of the gas will remain longer in the mixer. 

40 This results in an uneven dosing of gas to different parts 
of the fibre suspension, which again leads to an inho- 
mogeneous pulp quality. The reason for the above 
described phenomenon is that the f luidizing apparatus 
arranged in the mixer is not alone sufficient to prevent 

45 the pressure variations through the apparatus. 

The following introduces the most significant fea- 
tures of mixing gaseous ozone. 

Ozone is one of the most rapidly reacting chemicals 
used to bleach pulp. Moreover, ozone is the least selec- 

50 tive, reacting with all reactive substances it encounters, 
even with substances it should not affect. It may be 
claimed that ozone cannot be compared with any other 
bleaching chemicals for said reasons. Due to the above 
mentioned features of the ozone it must be led to con- 

55 tact with each fibre in a mixture fluidized almost at a 
f tore level. One cannot rely on diffusion, as with other 
bleaching chemicals, in which it is sufficient that the 
chemical is brought to a short distance from a ftore floe 
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of a reasonable size, from where it finds its way to the 
fibres. 

Ozone may be industrially manufactured only in rel- 
atively dilute mixtures. In other words, only about 5-14 
% of the gas to be supplied to the bleaching is ozone, 
the rest being a so called "carrier gas", which is usually 
oxygen or nitrogen, although also other inert gases, or 
at least inert compared with ozone, may be used. Thus, 
although relatively small ozone amounts are sufficient 
for bleaching a carrier gas must be supplied mixed with 
ozone, the amount of the carrier gas being about 7-20 
times the amount of the ozone. 

A method and apparatus for mixing chemicals into 
fiber pulp is also known from US-A-49 08 101. In the 
apparatus, pulp passes into a space between a fixed 
casing and a rotating device. In a first treatment section, 
a screw transports the pulp and imparts to it a pressure 
up to the subsequent treatment section in which guide 
elements are provided on the casing and the rotating 
device to cause shearing in the pulp. In the next treat- 
ment section, the pulp is imparted a retarding velocity 
and thereafter an accelerating velocity during simulta- 
neous oscillating movement and shearing between the 
fiber layers. 

The object of the present invention is to eliminate 
the disadvantages characteristic of the above-men- 
tioned apparatus and methods according to the prior art 
and to improve such apparatus and methods. 

This object is solved according to the present inven- 
tion by a method comprising the features of claim 1 and 
an apparatus comprising the features of claim 11. 
Detailed embodiments are defined in the dependent 
claims. 

The method and apparatus in accordance with the 
present Invention are described in more detail below, by 
way of example, with reference to the accompanying 
drawings, in which: 

Fig. 1 schematically illustrates an apparatus 
according to a preferred embodiment of the present 
invention; 

Fig. 2 schematically illustrates an apparatus 
according to a second embodiment of the present 
invention; 

Fig. 3 schematically illustrates an apparatus 
according to a third embodiment of the present 
invention; 

Fig. 4 schematically illustrates an apparatus 
according to a fourth embodiment of the present 
invention; 

Fig. 5 schematically illustrates an apparatus 
according to a fifth embodiment of the present 
invention; 

Fig. 6 schematically illustrates an apparatus 
according to a sixth embodiment of the present 
invention; 

Fig. 7 schematically illustrates an apparatus 
according to a seventh embodiment of the present 



150 B1 




invention; 

Rg. 8 schematically illustrates an apparatus 
according to an eighth embodiment of the present 
invention; 

5 Fig. 9 schematically illustrates an apparatus 

according to a ninth embodiment of the present 
invention; 

Fig. 10 schematically illustrates, how gas accumu- 
lates on the trailing surface of an element moving in 

10 a gas-containing medium; 

Fig. 11 schematically illustrates some cross-sec- 
tional alternatives for the arm of the blade to be 
used with the apparatus according to the invention; 
Fig. 12 schematically illustrates some preferred 

75 symmetric cross-sectional alternatives for the blade 
to be used in an apparatus according to the inven- 
tion; 

Fig. 13 schematically illustrates some preferred 
asymmetric cross-sectional alternatives for the 
20 blade to be used in an apparatus according to the 
invention; 

Figs. 14a-14c schematically illustrate the operation 
of the blade according to two embodiments of the 
invention; 

25 Fig. 15 schematically illustrates the change in the 
power consumption due to the gas content in the 
pulp between an apparatus according to the 
present invention and an apparatus according to 
the prior art as a function of the rotational velocity of 

30 the apparatus; and 

Figs. 16a and 1 6b schematically illustrate two proc- 
ess embodiments applying the apparatus accord- 
ing to the present invention. 

35 Fig. 1 illustrates a mixer in accordance with a pre- 
ferred embodiment of the invention, comprising an elon- 
gated mainly cylindrical mixer casing 10, two ends 12 
and 14, conduits arranged in the casing for the incoming 
fibre suspension 16, for the outflowing fibre suspension 

40 18 and for the gas/gas mixture to be mixed, more gen- 
erally chemical, 20 and a rotor 22 rotatably arranged 
inside the casing 10 through the end 14. Rotor 22 com- 
prises blades 34, 50 and mixing members 42 mounted 
in a suitable manner, preferably by means of arms 35, 

45 51 , to a shaft 24 or a hub arranged thereto. The shaft 24 
of the rotor 22 is connected to conventional drive means 
(not shown). 

The fibre suspension to be treated in the embodi- 
ment of Fig. 1 is supplied either radially or tangentially to 

so a first mixing chamber 28, a so called premixing space 
or zone, through an opening 26 in the wall of the casing 
and a conduit 16 arranged in the mixing casing 10, to 
which chamber 28 also the gas to be mixed is brought in 
accordance with the embodiment of the drawing 

55 through a conduit 20 at the end 12 of mixing casing 10. 
Said gas feed conduit may also be arranged in the wall 
30 of the casing (shown by reference numbers 120 and 
130, for example, in Fig. 2), to the inlet conduit 16 for 
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fibre suspension, or to the feed pipe for pulp f towing fur- 
ther upstream of the mixer (not shown). The only thing 
that must be taken into account is that gas is not sup- 
plied at such an early point to the pulp that a substantial 
portion of the gas could be consumed before its efficient 5 
mixing with the pulp, whereby there would also naturally 
be a risk that a portion of the f tore suspension could be 
over-exposed to ozone, in other words, the fibres could 
deteriorate. 

The tip 32 of the rotor 22 preferably extends to a 10 
certain extent to a premixing space 28, in which the 
blades 34 arranged at the tip 32 generate an intense flu- 
idisation of the fibre suspension, by means of which the 
large ftore floes are broken and the supplied gas is 
evenly distributed within the whole premixing space 28 15 
to the spaces between the small floes. The wall of the 
premixing space 28 is preferably provided with ribs 36, 
by means of which the excessive rotation of the ftore 
suspension with the blades 34 of the rotor 22 is pre- 
vented. Most preferably the ribs extend throughout the 20 
whole length of the apparatus, possibly only altering 
their height in the different zones of the mixer. It is pos- 
sible to add stationary mixing members 38 to the end 12 
of the casing 10, the only purpose of which members is 
to add the turbulence to the pulp in the premixing space 2s 
28 and to prevent the excessive rotation of the pulp with 
the rotor 22. The mixing members 38 of the end 12 are 
preferably located radially inside the blades 34 of the 
rotor within a distance thereof. Both the blades 34 of the 
rotor and the ribs 36 at the wall of the casing are prefer- 30 
ably substantially axial, but also f lutdizing members hav- 
ing some other direction are possible. If required, the 
blades 34 of the rotor 22 may be made to feed some 
fibre suspension to the next zone. What is more impor- 
tant than the direction of the ribs 36 and the blades 34 is 35 
the distance between the blades 34 and the ribs 36 and 
the other dimensions thereof, by means of which the flu- 
idization level of the premixing space is adjusted appro- 
priate for the mixing. Features affecting the required 
fluidization level are, for example, the amount of ftore 40 
suspension to be treated (e.g., tons/hour), the consist- 
ency of fibre suspension, the amount of gas to be 
mixed, the origin of the fibres. Since the above men- 
tioned factors provide various combinations, no gener- 
ally applied dimensions or dimensioning principles are 45 
given. 

The tip portion 32 of the rotor 22 is, for example, 
conical so that when the surface of the rotor 22 turns the 
pulp is directed to a fluidization zone, or a so called 
"homogenization zone" 40. The mixing in zone 40 is so 
more intense than the previous mixing, and also the 
flow velocity of the fibre suspension is at its largest here 
due to a smaller cross-sectional flow area. In said zone 
40 the mixture of the fibre suspension and gas is fluid- 
ized so efficiently that practically speaking all fibre floes ss 
in the suspension are broken into small microflocs, con- 
taining only a few fibres. This allows the gas to be dis- 
tributed evenly throughout the whole mixture. In this 
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zone 40, having a very strong turbulence, gas is mixed 
so well on the surface of the micro floes that the gas 
consumption as a function of brightness may be mini- 
mized, and at the same time, that all the micro floes and 
the fibres therein become equally treated. 

The extremely intense fluidization in the homogeni- 
zation space 40 is brought about by means of cogs 44 
arranged to the wall 30 of the casing 10 and preferably 
radial pins 42 on the surface of the rotor 22. As for the 
shape of the so called pins 42. they may be round and 
radial, but also members having rectangular or polygo- 
nal cross-section or even of pyramid shape may as well 
be used. Both the pins and the cogs may have a similar 
shape. Fig. 1 illustrates two substantially circumferential 
rows of pins 42 on the surface of the rotor and one 
cogged ring 44 located therebetween on the wall 30 of 
the casing 1 0. Of course, the number of both the pins 42 
and the cogged rings may deviate from the above 
description. Preferably, the pins 42 and the adjacent 
cogged rings 44 are located in such a way that they are 
interlacing. The same applies also to the cogs 44, if 
there are more than the illustrated one cogged ring. 
Preferably, each of the cogged rings is formed of a con- 
tinuous ring 46, arranged on the wall of the casing, and 
of cogs 44 extending inwards towards the axis. Thus, 
the flow is apparently throttled at the cogged ring 44. 
The number of both the cogs 44 and the pins 42 in each 
ring varies according to the size of the apparatus from 2 
to 15. Another method to throttle the flow in the homog- 
enization zone is, of course, to arrange the pin ring of 
the rotor to begin from an annular flange arranged on 
the rotor surface to radially extend towards the wall of 
the mixer casing. 

By utilizing the throttling of the flow as described 
above, it is possible to prevent the pressure variations of 
the inlet and outlet from effecting each other. By forcing 
the ftore suspension flow through a flow channel small 
enough it is ensured that the mixing process in the 
homogenization zone is optimal, whereby the gas is dis- 
tributed evenly to the whole ftore suspension. The oper- 
ation of the throttling illustrated in Fig. 1 is as follows. 
When striving towards the maximization of the shear 
forces relative to the volume, a large number of pins and 
cogs are arranged on the wall of the rotor and the cas- 
ing in the embodiment in accordance with Fig. 1 . In so 
doing, a preferred three-dimensional turbulence field is 
created. In practice, this means that at the Same time 
as the pins of the rotor tend to rotate the fibre suspen- 
sion circumferential ly, the first pins in the flow direction 
of the fibre suspension "throw" the fibre suspension 
against the wall and the counter rib 36. from where in 
order to axially flow forwards the flow must, to avoid the 
throttling, move towards the axis, from where after pass- 
ing the throttling the ftore suspension is again thrown, 
due to a second set of pins against the wall and counter 
rib 52 of the casing. If there is a second cogged ring 
after the first one, this forces the flow against the centrif- 
ugal force towards the shaft of the rotor. Thus the ftore 
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suspension is forced by pins and counter ribs to radial 
and axial movement as well as circumferential move- 
ment, whereby, due to the pulse-like force effects 
caused by said members, a three-dimensional turbu- 
lence field is generated. 5 

The homogenization zone 40 is followed by a zone 
of weaker turbulence, a so called "maintenance zone" 
48, which is also called a "reaction zone" or "discharge 
zone". The diameter of the rotor 22 is in the embodiment 
of Fig. 1 , substantially smaller than at the homogeniza- 10 
tion zone 40 and the rotor 22 is provided with blades 50, 
The wall 30 of the casing 10 at the maintenance zone 
48 is preferably provided with ribs 52, which are, how- 
ever, lower than the corresponding ribs 36 of the 
premixing zone 28. As may be deduced from the name is 
of the zone, the purpose of the zone 48 is to maintain a 
sufficient turbulence or f luidization level in the f tore sus- 
pension so that the gas does not separate, but it may 
continue the reaction, which was made possible by the 
even distribution of gas in the homogenization zone 40 20 
almost to the f tore level. It is also a purpose in the main- 
tenance zone 48 to accelerate the rotational velocity of 
the mixture formed by the f tore suspension and gas so 
that the mixture may be removed from the apparatus 
preferably through a tangential conduit 1 8. However, the 25 
rotational velocity must be maintained at a level, which 
does not give the gas a possibility to separate around 
the rotor 22. Such separation tendency of the gas may 
still be made more difficult by arranging stationary 
blades 54 extending preferably axially to the mainte- 30 
nance zone between the blades 50 and the surface of 
the rotor 22. When the fibre suspension has received an 
appropriate kinetic velocity by the blades 50 and when 
the discharge conduit 18 is correctly designed, the fibre 
suspension - gas mixture is discharged from the mixer 35 
in such a way that gas does not separate, but the 
bleaching chemical in the residual gas may without any 
hindrance continue the reaction in the exhaust pipe 
and/or in the actual bleaching reactor following it. if such 
is necessary. Such a separate bleaching reactor is 40 
according to the modern technology not necessary 
when using ozone as bleaching chemical. In some 
cases, however, a considerable extension of the reac- 
tion zone is required, which results in additional con- 
sumption of energy, if a sufficient turbulence level is 45 
desired to be maintained so as to eliminate the separa- 
tion of gas. 

It is a characterizing feature of the whole construc- 
tion described above that the basis of the construction 
has been to minimize the areas liable for gas separa- so 
tion, and if it has been necessary to leave such places 
in the apparatus, to minimize the effect thereof by pre- 
venting the flow of the gas in the axial direction of the 
apparatus. In other words, the channelling tendency of 
the separated gas. i.e. the flow along a path from the ss 
gas inlet or separation point to the discharge of the pulp 
has been attempted to be eliminated, or at least mini- 
mized. Examples of the construction alternatives aiming 
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at said purpose illustrated in Fig. 1 are, for example, 
blades 34 and 50, ring 46 and an annular flange men- 
tioned in connection with pins 42. 

It is a characterizing feature of said blades 34 and 
50 that they are not mounted to the rotor throughout the 
whole length thereof, but by means of arms 35, 51 . The 
purpose is to prevent the formation of a large gas bub- 
ble behind the trailing side of the Wade and/or arm of the 
blada In the embodiment of Fig. 1, only a very small 
gas bubble will form behind the arm of the blade. Fur- 
ther, due to the free space between the blades 34. 50 
and the hub or the rotor body of the rotor 22, the pulp 
flow will rotate around the blade so that hardly any gas 
will accumulate behind the blades 34, 50. In the embod- 
iments descrtoed later on, said accumulation tendency 
of the gas is tended to be decreased. The ring 46 again 
prevents the gas accumulated behind the counter ribs 
36 from flowing along the rib towards the outlet opening 
for pulp. The ring 46 forces the gas towards the rotor 22, 
whereby the intense turbulence generated by the pins 
42 breaks the gas bubbles and mixes them evenly with 
the pulp. Similarly, the annular flange possibly arranged 
with the pins 42 on the side of the rotor 22 prevents the 
movement of the gas bubble possibly generated around 
the rotor axially towards the pulp discharge by forcing it 
radially outwards, where an intense turbulence mixes 
the gas evenly with the pulp. 

Yet another feature disturbing the gas separation 
tendency worth mentioning is the construction of the 
rotor itself or more accurately the existence of the rotor 
body. When transferring a ffore suspension in a fluidiz- 
ing apparatus provided with a rotatable rotor in the axial 
direction from the inlet opening towards the outlet open- 
ing, the pulp tends to rotate with the rotor along the rim 
of the apparatus regardless of, whether stationary ribs 
have been arranged to the rim or not. The rotational 
movement of the pulp again tends to separate gas to the 
centre of the flow, whereby a natural way of preventing 
the accumulation of gas is to arrange the construction of 
the rotor such that it fills the space, to which the gas 
could otherwise separate. So in the illustrated embodi- 
ments both in the homogenization zone and in the main- 
tenance zone the rotor body is relatively thick and 
leaves only a limited space between itself and the wall 
of the casing. In the premixing space the centre of the 
rotor is practically speaking open, since in most cases 
the rotational movement of the pulp has not yet had time 
to accelerate to such an extent that the gas would begin 
to separate. On the other hand, large amounts of gas 
are fed to the premixing space, whereby the gas is in the 
form of large bubbles without being evenly distributed in 
the fibre suspension. Thus the arrangement of a rotor 
body extending from the inlet end throughout the whole 
apparatus would not be justified. 

Fig. 2 illustrates a mixer in accordance with a sec- 
ond embodiment of the invention. In an embodiment in 
accordance with the drawing the diameter of the rotor 
1 22 of the mixer is not decreased after the homogeniza- 
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tion zone 40, but it is increased by means of an interme- 
diary part 156 so that at the outlet opening 18 the 
diameter of the rotor 122 is relatively large, and the sur- 
face of which rotor 122 is provided with rtos 158 in order 
to maintain the turbulence level high enough to maintain 5 
the gas evenly distributed throughout the whole suspen- 
sion. The embodiment of the drawing illustrates also a 
second cogged ring 144 located at the conical interme- 
diary part 156 and the cogs of which do not have to 
extend so far in the homogenization space 40. Further, w 
in the embodiment of the figure the blades 134 at the tip 
132 have a form slightly deviating from the embodiment 
of Fig. 1. In other words, the extensions of the blades 
extending towards the homogenization zone 40 from 
the mounting point of the blades 134 have been left out /5 
Of course, different variations illustrated in Fig. 2 may 
be applied separately without any need to use them all 
in a manner illustrated in the figure. Fig. 2 also illus- 
trates that an intet conduit 120 for gas may be in the wall 
130 of the mixer casing and that the inlet opening for 2 o 
pulp may also be in an angle position relative to the out- 
let opening 18 (90° angle shown). 

A combination of embodiments in Figs 1 and 2 
worth mentioning is an embodiment, in which the rotor 
is practically speaking similar to that of Fig. 1 and the 25 
casing partially similar to that of Fig. 2. Thus the wall of 
the casing has two cogged rings, which operate as 
already mentioned above, in other words, one of the 
cogged rings, 144, directs axial flow towards the rotor, 
which results in a situation in which the incoming flow 30 
passes along the surface of the rotor in the reaction 
zone until the end of the apparatus, rises there due to 
the centrifugal force to the rim of the casing and is only 
there able to be discharged from the apparatus. By this 
operation model it is ensured that, practically speaking, 35 
no part of the flow is able to flow directly from the 
premixing zone to the pulp discharge, in other words the 
channelling of the pulp is prevented, but the pulp must 
circulate one cycle in the reaction zone. This is also 
used for increasing the retention time of pulp in the 40 
apparatus so that there will be enough time to carry out 
the ozone bleaching reaction practically speaking com- 
pletely in the apparatus itself. 

Fig. 3 illustrates a mixer in accordance with a third 
embodiment of the invention, which may be of the con- 45 
struction either similar to Fig. 1 or Fig. 2 (shown in the 
drawing) or to a different combination of the variations 
thereof except that the inlet opening 226 for fibre sus- 
pension is. in the embodiment of Fig. 3, axial and the 
inlet conduit 220 for gas is (shown in the drawing) radial, so 
In other words, the inlet opening 226 for fibre suspen- 
sion is preferably located in the end 1 2 of the casing and 
the inlet conduit 220 for gas preferably to the wall 30 of 
the casing 10. An alternative for the inlet opening 226 
shown in the drawing worth mentioning is an embodi- 55 
ment in which the end of the apparatus corresponds to 
Fig. 1 so that the pulp is supplied from the inside of the 
stationary mixing members 38 of Fig. 1 axially to the 



apparatus. 

Fig. 4 illustrates yet an alternative to the tip portion 
32 of the rotor illustrated in the previous drawings, which 
tip portion may be according to the figure provided with 
mixer blades 360 extending almost or even to the axial 
line in addition to the blades 334 parallel to the axis of 
the previous embodiments, but within a distance from 
the axis. The drawing also illustrates a possibility that 
the diameter of the rotor 22 may be practically speaking 
constant for the whole length of the rotor 22, in other 
words constant in the homogenization zone 40 and 
maintenance zone 48. It is significant for the embodi- 
ment of the figure that the radial dimensions of the 
blades 334 and 360 are relatively insignificant whereby 
no significant gas accumulation will generate behind 
them. On the other hand, the form of the blades also 
enables the circulation of the pulp flow around the 
blades. It has also been noted that, although gas could 
separate in theory to the inside of the blades 360 to the 
open centre of the rotor, it does not happen in practice 
since a centrifugal field required by the separation of 
gas does not have time to generate. 

Rg. 5 illustrates a construction alternative typical of 
Fig. 1 , in which the edges of the blades 134 and 150 of 
the rotor are provided with either triangular cuts 168 or 
rectangular or otherwise appropriately shaped cuts 166, 
the purpose of which is further to decrease the size of 
the gas bubble tending to accumulate behind the 
blades. The cuts 166 and 168 may be located either 
only to the outer edge of the blades 1 34 and 1 50 or also 
to the ends and inner edge of the blades. The cuts 166 
and 168 generate microturbulence in the surrounding 
space, which tends to break the gas bubble generated 
behind the blade 134, 150. Since it has been found out 
in the performed experiments that the optimization of 
the clearances between the rotor and the counter mem- 
bers thereof is very important, the counter ribs 136 and 
152 on the wall of the casing are preferably provided 
with protrusions 178 and 176 facing the cuts in the 
blades 134 and 150 of the rotor, said protrusions being 
shaped like the cuts of the rotor blades. In this way, the 
aim that the rotor blade must not rotate the pulp, but on 
the other hand the differences in the velocity must be 
generated as efficiently as possible, is achieved. It is, of 
course, possible to arrange protrusions to the blades 
and respective recesses to the counter ribs. The draw- 
ing also illustrates a method, by means of which the 
accumulation of gas is prevented and/or minimized 
behind the counter rib 136 or some other stationary 
mounted rib. The bottom part of the rib 136, in other 
words the mounting line between the wall and the rib of 
the casing is provided with perforations, openings or 
gaps 180, through which the pulp jet is allowed to be 
discharged behind the rib thus reducing the size of the 
gas bubble. More generally, it is sufficient to provide the 
rib itself with some kind of flow opening, through which 
the fibre suspension is allowed to flow to the "back side" 
of the rib, regardless of whether said opening is limited 
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either completely to the rto material or partially to the 
wall of the casing. This embodiment is in fact operation- 
ally identical with the embodiment leaving a gap 
between the hub of the rotor and the rotor blades. 

Fig. 6 illustrates a blade structure in connection with 5 
the apparatus similar to Fig. 4, in which the blades 334 
and 360 in the premixing zone of the rotor are provided 
with openings 362 and 364, of which the first-mentioned 
are located at the connecting point between the rotor 
and the blades and the latter farther out on the blades. 10 
The purpose of the openings is to prevent the accumu- 
lation of a gas bubble behind the blades. The drawing 
also illustrates a blade 258, which is in a way simitar to 
the blade of Fig. 1 in the sense that there is a gap 
between the main part of blade 258 and the rotor 75 
through which the fibre suspension is able to flow 
between the blade and the rotor and thus prevent the 
generation of a large gas bubble, although in this partic- 
ular embodiment illustrated by this drawing the prefera- 
bly axial main part 258 of the blade is attached from the 20 
ends by means of some kind of arms to the hub of the 
rotor. The pulp flow being discharged through the open- 
ings 362 and 364 decreases the gas bubble, which oth- 
erwise accumulates behind the blades, to an 
insignificant size according to a theory. However, the 25 
dimensioning of the size of the openings is important, 
since on the other hand the purpose is to generate a 
flow circulating around the blade. A putp jet being dis- 
charged through an opening incorrectly dimensioned 
may completely prevent the generation of such a 30 
desired circulating flow. 

Fig. 7 illustrates another rotor arrangement, in 
which the blades 234 and 250 are not axial, but they 
form an angle with the axis. The drawing also illustrates 
with a broken line, how an opening 364 in the blade 234 35 
may extend almost throughout the whole length of the 
blade from the bottom to the tip of the blade. 

Fig. 8 illustrates an embodiment clearly different 
from the embodiments illustrated in the previous draw- 
ings. The arrangement in accordance with this embodi- 40 
ment illustrates firstly that a mixer in accordance with 
the present invention, in fact also any mixer in accord- 
ance with any of the previous embodiments, may be 
assembled vertically, for example, so that the drive 
means is located below the mixer. A second feature in 45 
the embodiment of Fig. 8 is that pulp is supplied either 
radially or tangentially to the apparatus at the end 14 of 
the mixer casing 430, in other words to a point where 
the rotor body closes the centre of the rotor 422. In the 
embodiment illustrated by the figure the pulp is supplied so 
together with the chemical to be mixed through a con- 
duit 416. Further, unlike the previous embodiments, 
pulp is discharged from the apparatus axialiy mainly 
according to the method illustrated in WO patent appli- 
cation 93/07961. Briefly, the pulp, to which the gas is 55 
evenly distributed in the homogenization zone 440, is 
discharged evenly diminishing turbulence throughout 
the whole suspension to an extending axial discharge 
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channel 418. The widening of the cross-sectional flow 
area of the discharge channel may be made in principle 
in two ways, either by letting the flow channel widen by 
rtserf towards the outlet opening, for example, either 
conically or preferably parabolically or this can also be 
carried out by a combination of the above-mentioned 
methods, as shown in the drawing. Preferably, the dis- 
charge channel 418 is further connected to a widening 
part 470 of the flow piping or to a reaction vessel spe- 
cially designed for the purpose. The purpose is to 
dampen the turbulence in the mixture of fibre suspen- 
sion and gas so that the gas does not separate to any 
part of the flow, but remains homogeneously distributed 
in a laminar plug flow. 

As for the details of other subunits of the apparatus, 
they are described in the previous embodiments, so it is 
dear that a combination appropriate for the purpose 
may be constructed also for this embodiment. 

Fig. 9 introduces an arrangement in accordance 
with a preferred embodiment of the present invention, 
i.e. a flow divider. Based on the arrangement of Fig. 6 
the reaction zone 548 of the mixer casing 530 is pro- 
vided with four equally-spaced discharge conduits 518, 
although the number thereof may vary. Several dis- 
charge conduits 518 are required, for example, when 
pulp is desired to be passed to targets spaced apart, or 
when it is desired to feed the pulp, for example, through 
four inlet openings located in the bottom of the oxygen 
or peroxide bleaching tower into the tower in order to 
prevent channelling in the bleaching tower. 

Fig. 10 schematically illustrates how gas attempts 
to accumulate in the flow forming a "tail" adjacent the 
trailing surface of a movable object, regardless of 
whether it is a rotatable blade or an arm of a blade to be 
attached to a rotor. The arrow refers to the direction of 
movement of said object in the flow. 

Fig. 11 illustrates different cross-sectional alterna- 
tives for an arm of a blade. The arrow beneath the 
cross-sectional views shows the direction of movement 
of an arm of a blade. The left arm has the cross-section 
of either a square or at least of the shape of a rectangu- 
lar prism. It causes a considerably large gas accumula- 
tion shown in Fig. 10 to the trailing surface, but the 
illustrated arm is most inexpensive to manufacture. The 
middle arm of the illustrated arms is substantially round 
in the cross-section, whereby the size of the gas bubble 
accumulating behind the arm is already considerably 
smaller than the previous alternative. The cross-section 
of the rightmost arm of the blade among the illustrated 
is drop-like, which allows hardly any gas to separate 
behind it, but it passes the flow streamlined. When 
mounting the blade by using such a drop-like arm, it is 
possible to turn the arm relative to its longitudinal axis 
so that the axis of symmetry thereof will be completely 
parallel to the resultant of the velocities of the blade and 
the flowing pulp. 

Fig. 12 illustrates a number of possible cross-sec- 
tional shapes of a blade, the axis of symmetry of which 
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is substantially parallel to the direction of movement of 
the blade or to the tangent thereof. The leftmost cross- 
section illustrates either a square or at least a rectangu- 
lar cross-section of the blade. The second cross-section 
on the left illustrates a combination of a generally 
curved surface and planar surface, which may also be 
extended to a combination of two curved surfaces. This 
is. however, preferably a combination of a cylindrical 
surface and a planar surface. The cross-section in the 
middle illustrates a blade having a shape of an isosceles 
triangle. The second on the right illustrates a blade hav- 
ing the sides of a triangle "blown outwards", whereby 
the cross-section of the blade has a bullet-like appear- 
ance. It is also possible to manufacture the sides S 
inwardly bent, in other words, concave, but this would 
increase the size of a gas bubble to some extent com- 
pared with the illustrated embodiment. The rightmost 
cross-section illustrated is elliptic, although this descrip- 
tion applies a round cross-section which is a special 
form of an ellipsis. 

At this stage it should be remembered that Fig. 1 1 
illustrates cross-sectional shapes of the arm of the 
blade that are used for minimizing the size of the gas 
bubble, the corresponding cross-sectional forms are not 
used for the blade, because the blade would not be able 
to generate turbulence sufficient for mixing. Thus with a 
solid blade a compromise must always be found 
between the size of the gas bubble and the mixing effi- 
ciency. A rule of thumb is that both the size of the gas 
bubble and the mixing efficiency will increase in the 
same proportion, in other words, both factors are 
directly proportional with each other. Fig. 12 contains 
the solid arrow, which illustrates the direction of move- 
ment of the blade according to the present knowledge, 
but the broken line arrow illustrates a possible direction 
of movement of the blade, when taking all different 
applications and the compromising factors into consid- 
eration. 

Fig. 13 illustrates a number of cross-sectional alter- 
natives for the blade, which are neither symmetric, nor 
is their axis of symmetry parallel to the direction of 
movement of the blade or to the tangent thereof. The 
leftmost is a blade of triangular cross-section or altered 
by providing it with slightly curved side surfaces C. 
directing the gas bubble behind it in the embodiment of 
the drawing to a certain extent below the longitudinal 
axis of the blade. The second on the left illustrates a 
blade having a semi-circular cross-section, presenting a 
combination of a plane and a curved surface or of two 
curved surfaces. The blade of the drawing leaves a con- 
siderably small gas trace behind. The second on the 
right illustrates a blade having a rectangular or square 
cross-section, which leaves a gas bubble, which does 
not significantly differ from the gas bubble of a corre- 
sponding object arranged symmetrically. The rightmost 
blade has a triangular cross-section and is positioned at 
such an angle that the gas trace accumulated behind 
the blade flows to some extent aside relative to the 



blade itself. If it is. for example, imagined that the centre 
of the rotor is located in Fig. 13 beneath the blade, the 
gas trace extends beyond the tip of the rotating blade 
having the right-most cross-section of Fig. 13. When 

s taking into consideration the counter ribs operating 
together with the rotor blades illustrated in all Figs. 1-7. 
a counter rib. e.g. 36.52 strikes most of the gas bubble 
and by breaking the bubble mixes the gas efficiently 
with the pulp. This kind of blades are preferably used in 

io the premixing zone. If corresponding blades were used 
in the so called reaction zone, there would be a risk that 
the gas bubble rotating behind the blade would become 
loose just at the discharge opening for pulp and be dis- 
charged with pulp. It is preferable to use a cross-section 

75 in accordance wfth the leftmost embodiment in Fig. 13 
in the blade of the reaction chamber, whereby the blade 
itself keeps the gas bubble as far from the discharge 
opening for pulp as possible. 

Fig. 14 schematically illustrates the effect of the cut- 

20 tings at the edge of the blade, openings or like in the 
blade on the gas bubble behind the blade. Figs. 14a and 
14b illustrate a part of the blade 150 already illustrated 
with Fig. 5, having an edge on the mixer casing side cut- 
tings 166 machined within a certain distance. Behind 

25 the blade 150 there is formed a gas trace the size of 
which depends on the cross-sectional form of the blade, 
which is practically speaking equal in breadth and 
equally thick throughout the whole length of the blade. 
However, the cuttings 166 machined at the edge of the 

30 blade 1 50 allow the pulp to be discharged therethrough, 
whereby the pulp being discharged through the cutting 
166 behind the blade tends to fill the gas bubble. This 
results in a backwards spreading pulp jet. The final 
result is that the size of the gas bubble has been 

35 reduced considerably more than what can be expected 
from the ratio of the size of the cuttings 166 to the 
unbroken surface of the blade. The size of the gas bub- 
ble is reduced in both the circumferential direction (Fig. 
14a) and in the radial direction (Fig. 14b), the pulp jet 

40 widens in a similar manner. 

Fig. 14c illustrates yet another alternative arrange- 
ment, in which the edges of the blade 334 (shown in Fig. 
6) have not been notched or cut (although they could 
quite as well be serrated, but the blade is for simplicity 

45 and clarity shown unnotched) and an opening 364 has 
been made to the middle part of the Wade, through 
which opening the pulp is allowed to be discharged 
behind the blade 334. The pulp jet creates, in the similar 
way as in Fig. 14a, a restriction or confinement of the 

so gas bubble, limiting the bubble to a size smaller than 
would be expected. However, when building a blade in 
this way, it must be taken into consideration that a 
strong pulp jet being discharged through the blade may 
prevent the flow desired around the blade 334. It may be 

55 wiser to limit the opening 364 in such a way that the flow 
begins to circulate through opening 364 according to 
the arrows shown in Fig. 14c, while minimizing the 
impact upon the desired gross flow of pulp around blade 
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334. 

At this stage it must be noted that it is known in the 
art that power consumption is an indication of mixing 
efficiency. In other words, the better the mixer creates 
turbulence in the pulp, the higher is the power consump- s 
tion. However, the benefits from mixing efficiency far 
outweigh the increased power consumption. 

Example 

10 

In the performed experiments, a modified version of 
a known chemical mixer for mixing large amounts of gas 
was compared with the mixer in accordance with the 
present invention. It was discovered that the easiest 
way to compare, said mixers was to monitor the change 15 
in energy required for mixing as a function of the gas 
amount in the gas-fibre suspension. In the experiments 
performed and in theoretical calculations, it has been 
observed that in an optimal mixing the mixing efficiency 
should reduce in the same ratio as the gas is added to 20 
the suspension. In other words, a 20 % gas addition 
should reduce the mixing efficiency only by about 20 %. 

Fig. 15 illustrates the decrease in the power con- 
sumption of a modified prior art chemical mixer as a 
function of the gas content and the rotational velocity of 25 
the rotor. In the figure, the efficiency required for mixing 
the pulp having 20 % gas has been compared with the 
efficiency required for mixing mere gas-free pulp. In 
other words, the 100 % line shows the efficiency 
required for mixing mere pulp and the lower curves the 30 
efficiency required for mixing pulp containing 20 % gas 
compared with the efficiency required for mixing gas- 
free pulp. It may be seen that, for example, the power 
consumption of the mixer in accordance with the prior 
art within the rotational velocity range used in the exper- 35 
iments varied with gaseous pulp between about 40 % 
and 23 % from the efficiency required for mixing gas- 
free pulp. The power consumption in a mixer in accord- 
ance with the present invention reduced only 18 - 22 %, 
whereas the reduction of power consumption of a mixer 40 
in accordance with prior art was 60 - 77 %. 

It may be stated that the mixture of fibre suspension 
and gas is mixed by efficiency P tod , the amount of which 
is calculated as follows: 

45 

P tod =0.9...1.0*(1-p g /100rP teor , 
preferably 

P tod = 0.95...1.0*(1-P g /100)*P teor , in which so 

P g = amount of gas in suspension as vol-%; 
and 

Pteor = efficiency required for mixing of gas-free ss 
pulp. 

One explanation for the great reduction in the 
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power consumption in the mixer of the prior art is that a 
large amount of the mixing elements of the mixer 
rotates in a "gas bubble", whereby the power require- 
ment diminishes almost to non-existent. In other words, 
a mixer in accordance with the prior art has not been 
able to mix gas hardly at all, but the gas has been able 
to separate around the mixer members. Respectively, 
the small decrease in power consumption of the mixer in 
accordance with the present invention means that the 
power demand decreases only to the extent which the 
increase of gas diminishes the consistency of the pulp, 
which leads to the fact that the gas is equally distributed 
to the fibre suspension. 

Figs. 16a and 16b illustrate two more special appli- 
cations of the mixer in accordance with the present 
invention. Fig. 16a illustrates a part of an ozone bleach- 
ing process in which the pulp raised to a relatively low 
pressure (4 - 8 bar) by a pump P1 is led to a mixer S1 . 
to which ozone gas together with the carrier gas is led 
either separately or together with pulp at a pressure 
higher than the pulp pressure (5-10 bar). The pulp is 
discharged from mixer S1 along a channel to a pump P2 
located substantially in a close proximity to the mixer, by 
means of which pump P2 the pressure is raised, for 
example, to 1 0 to 20 bar. whereby the gas volume in the 
pulp decreases and according to the our experiments 
the bleaching result is improved. By the pump P2 the 
pulp may be led either to a reactor specially designed 
for the purpose or, for example, along a conventional 
pipe line to the next treatment stage. 

Fig. 16b illustrates a process in accordance with a 
second embodiment of the invention. It is a characteriz- 
ing feature of the process that the pressurization of the 
pulp by the pump P1 to a low pressure and the mixing of 
ozone by the mixer S1 to the pulp takes place in the 
same way as in Fig. 16a, but the mixer S1 is not fol- 
lowed by a pump as a pressure-increasing apparatus as 
in Fig. 16a, but a mixer SP1, by which the pressure of 
the pulp may be raised to 10 - 20 bar. The advantage in 
the use of the second mixer SP1 is that if the gas is not 
completely equally distributed in the first mixer S1 with 
the pulp, this may be ensured by a pressure-increasing 
mixer SP1 located immediately after the first mixer S1. 

Of course a third alternative is to use a pressure- 
increasing mixer already in the first mixing stage, 
whereby the process cannot be considered to be as effi- 
cient as the process in accordance with Fig. 16b, but, 
however, sufficient for most purposes. 

Yet, a construction utilizing different mixing alterna- 
tives in accordance with the present invention worth 
mentioning is a pump pumping gas-containing material. 
The problem with all known centrifugal pumps is that 
when the material to be pumped is gas-containing the 
gas tends to separate in front of the impeller, because 
the impeller makes the material flow in the suction chan- 
nel to turn into spiral flow, whereby the generating cen- 
trifugal force facilitates the separation of gas to the 
centre of the flow. Previously this problem has been 
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tended to be solved by drawing the gas from the pump 
either through the openings arranged through the impel- 
ler or through a suction channel in a pipe led in front of 
the impeller. As a substantial part of our invention the 
different rotor/blade/counter rib arrangements for mixing 5 
gas and/or preventing the separation of gas arranged to 
the suction side of the centrifugal pump prevent the sep- 
aration of gas. They are arranged to the suction side of 
a centrifugal pump in a similar way as the f luidizing rotor 
mounted to the shaft of a pump in front of an impeller as w 
in the so called MC-pumps. Therefore the pump does 
not have to be provided with special gas discharge 
apparatuses, but significantly less expensive appara- 
tuses preventing the separation of gas are sufficient. 
Thus all the features described both in the previous 15 
description and in the enclosed claims 1 1 through 42 
may also be applied to a centrifugal pump, the suction 
channel of which corresponds to a mixer casing in the 
mixer construction illustrated above. In performed 
experiments even an apparatus designed to operate as 20 
a mixer is noted to increase pressure for at least 5 
mH 2 O t which suggests the gas treatment ability of the 
apparatus is fully under control, since the accumulation 
of the gas does not disturb the operation of the appara- 
tus. In the mixer use the pressure-increasing feature is 25 
very advantageous, since, for example, in the dimen- 
sioning of an ozone bleaching plant the pressure loss in 
the mixer does not have to be taken into consideration, 
but it may even be considered that said feature takes 
care of at least a part of the work required for the trans- 30 
fer of pulp to the next treatment stage. 

As may be seen from above, it has been possible to 
develop a chemical mixer operating considerably more 
efficiently than the apparatuses previously applied for 
the process. It may be used for mixing large amounts of 35 
gas to a medium consistency pulp without a risk of the 
separation of gas either in the middle of the mixing proc- 
ess or when having the suspension discharged from the 
mixer. Although each of the previously described draw- 
ings illustrate different constructions, all constructions 40 
are optional and may be combined, so it is apparent that 
the constructions in the different drawings may be freely 
combined. 

Reference signs in the claims are intended for bet- 
ter understanding and shall not limit the scope. 45 

Claims 

1. A method of mixing large amounts of gas into a 
medium consistency, 8 to 25%, fiber suspension by so 
means of a mixer having a casing extending longi- 
tudinally in the general flow direction of said fiber 
suspension and provided with an internal wall hav- 
ing ribs, an inlet and an outlet, and a rotor provided 
with blades and a shaft extending longitudinally ss 
within said casing; 

said method comprising the following steps: 



(a) passing said gas and fiber suspension to 
the mixer; 

(b) mixing said gas in the fiber suspension in a 
f luidized fluid state; and 

(c) removing the thus obtained mixture from the 
mixer; 

characterized in that 

during step b) the gas-ffoer suspension mixture 
passes through a homogenization zone (40) in 
which it is brought to said fluidized state; and is 
throttled such that the effect of the fluctuation in 
pressure of the inlet and the outlet of said longitudi- 
nally extending casing during the mixing process is 
minimized and channeling of the gas from said inlet 
to said outlet is prevented. 

2. A method in accordance with Claim 1 . character- 
ized in that step b) is divided into three sub-steps 
namely; 

b1) a premixing step of f luidizing the ffoer sus- 
pension to floe level and distributing the gas 
evenly throughout the whole suspension; 
b2) a homogenization step of f luidizing the fiber 
suspension further to fiber or microfloc level 
and bringing the gas into contact with each 
f iber/microfloc; and 

b3) a maintenance/reaction step of maintaining 
the f luidization level high enough to prevent the 
separation of gas and the generation of gas 
bubbles. 

3. A method in accordance with Claim 2, character- 
ized by decelerating the rotational movement of 
fiber suspension caused by the rotor during the 
whole of substep b2) by forcing the rotating fiber 
suspension to change its flow direction from rota- 
tional to at least partially radial by means of ribs 
provided on the inner surface of said casing. 

4. A method in accordance with Claim 2, character- 
ized by decelerating the rotational movement of the 
fiber suspension caused by the rotor during all sub- 
steps b1), b2) and b3) by forcing the rotating fiber 
suspension to change its flow direction from rota- 
tional to at least partially radial by means of ribs 
provided on the inner surface of said casing. 

5. A method in accordance with Claim 2, character- 
ized by: intensifying in at least one of the substeps 
b1) - b3) mixing of gas and preventing the separa- 
tion of gas from the fiber suspension behind the 
blades of the rotor by bringing the f toer suspension 
to a rotational movement around the blades of the 
rotor. 

6. A method in accordance with Claim 1 , character- 
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ized in providing said ribs with gaps or openings 
(180) and passing a part of the fiber suspension 
flow through said gaps or openings, in order to 
make the separation of gas behind said ribs more 
difficult; 
or 

providing said ribs with gaps or openings (180) and 
passing a part of the fiber suspension flow through 
said gaps or openings, in order to prevent the accu- 
mulation of gas behind said ribs 
or 

preventing the gas separated behind said ribs from 
flowing along said ribs by providing said ribs with 
gaps or openings (180) and passing a part of the 
fiber suspension flow through said gaps or open- 
ings. 

7. A method in accordance with Claim 2, character- 
ized by: 

hampering at least in one of the substeps b1) - b3) 
the separation of gas by providing the surface of the 
rotor blades and/or the ribs of the mixer casing with 
cuts (1 66, 1 68) for preventing the creation of a large 
dead space behind said blades and/or ribs, in which 
gas naturally tends to separate 

8. A method in accordance with Claim 2, character- 
ized by: 

preventing at least in one of the substeps b1) - b3) 
the separation of gas behind the rotor blades and/or 
the ribs of the mixer casing by providing the surface 
of the rotor blades and/or the ribs of the mixer cas- 
ing with cuts (166, 168) for preventing the creation 
of a large dead space behind said blades and/or 
ribs 

9. A method in accordance with Claim 2, character- 
ized by: 

preventing at least in one of the substeps b1) - b3) 
the accumulation of gas behind the rotor blades 
and/or the ribs of the mixer casing by providing the 
surface of the rotor blades and/or the ribs of the 
mixer casing with cuts (166, 168) for preventing the 
creation of a large dead space behind said blades 
and/or ribs. 

10. A method in accordance with Claim 1, character- 
ized in mixing the mixture of fiber suspension and 
gas at a power P tod , the amount of which is calcu- 
lated as follows: 

Ptod=K*(1-P g /100rP tGor 

Pg = amount of gas in the suspension as a 
vol-%; 

p teor = power required for mixing of gas-free 
pulp; and 

K = predetermined constant ranging from 
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0.9 to 1 .0, preferably ranging from 0.95 to 
1.0. 

1 1 . An apparatus for mixing large amounts of gas to a 

5 medium consistency fiber suspension, which appa- 

ratus comprises an elongated mixer casing (30) the 
casing having two ends (12, 14), at least one sus- 
pension inlet conduit (16, 416) and at least one sus- 
pension outlet conduit (18, 518), and a rotor (22) 

10 rotatable in said casing and a shaft (24) attached to 
and driving said rotor, said shaft extending in the 
general f bw direction of the fiber suspension; 

charaterized in that: 
the casing (30, 430, 530) of the apparatus is axially 

75 divided into at least: a premixing zone (28) and a 
homogenization zone (40); or a homogenization 
zone (40) and a maintenance, i.e. reaction zone 
(48); and that the most intense mixing zone of the 
mixer casing (30, 430, 530) is the homogenization 

20 zone (40) that is provided with means (42, 44, 46, 
144) for both throttling the flow through the mixer 
and homogenizing the gas-fiber suspension mix- 
ture. 

25 1 2. An apparatus in accordance with Claim 1 1 , charac- 
terized in that said throttling means comprises at 
least one throttling ring (46) mounted upon one of 
said rotor (22) or mixer casing (30, 430, 530) and 
mixing members (42) operating together therewith. 

30 

1 3. An apparatus in accordance with Claim 1 1 , charac- 
terized in that the casing (30) of the apparatus is 
divided axially into three zones: premixing zone 
(28), homogenization zone (40) and maintenance, 

35 i.e. reaction zone (48, 548). 

14. An apparatus in accordance with Claim 11 or 13, 
characterized in that the premixing zone (28) is pro- 
vided with means (34, 36, 38, 134, 168. 180. 234, 

40 334, 360, 362, 364) for f luidizing said fiber suspen- 
sion to floe level and for distributing said gas evenly 
throughout the whole premixing zone (28). 

15. An apparatus in accordance with claim 11 or 13 
45 characterized in that the homogenization zone 

(40, 440) is provided with means (42, 44, 46, 144) 
for f luidizing the gas-fiber suspension mixture gen- 
erated in the premixing zone (28) to fiber or micro- 
floc level and for passing said gas into contact with 
so each f iber/microf loc. 

16. An apparatus in accordance with claim 11 or 13 
characterized in that the maintenance, i.e. reaction 
zone (48, 548) is provided with means (50, 52, 54, 

55 150. 158. 166, 176, 250, 258) for maintaining the 
turbulence level of the homogeneous gas-fiber sus- 
pension mixture generated in the homogenization 
zone (40, 440) at a level high enough in order to 
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prevent the generation of gas bubbles and to main- 
tain the mixture homogeneous. 

1 7. An apparatus in accordance with claim 1 4, 1 5 or 1 6. 
characterized in that said means include a rotor 
(22), at least part of which extends from one end 
(14) of the apparatus throughout the whole appara- 
tus to close proximity of the other end (12). 

1 8. An apparatus in accordance with claim 1 4, 1 5 or 1 6, 
characterized in that said means include mixing 
means (50, 150, 158, 166, 250. 258) arranged on 
the surface of the rotor (22). 

19. An apparatus in accordance with claim 18 charac- 
terized in that said means include mixing means 
(52, 1 76) arranged on the inner surface of the mixer 
casing (30, 430, 530) operating together with mix- 
ing means (50, 150, 158) of the rotor (22). 

20. An apparatus in accordance with claim 18 charac- 
terized in that said means include mixing means 
(54) arranged at least at one end (14) of the mixer 
casing (30, 430, 530) operating together with mix- 
ing means (50, 150) of the rotor (22). 

21. An apparatus in accordance with claim 19 or 20, 
characterized in that said mixing means (52, 54, 
1 76) are radially within a distance from said mixing 
means (50, 150, 158, 166. 250. 258) of said rotor 
(22). 

22. An apparatus in accordance with claim 14. 15 or 16. 
characterized in that said means include ribs (36, 
52, 136) on the wall of the mixer casing (30) and 
blades (34, 50, 134, 150. 158, 234, 250, 334) of the 
rotor (22) radially extending to a distance from said 
ribs (36. 52, 136). 

23. An apparatus in accordance with claim 14, 15 or 16 
characterized in that said means include pin-like 
members (42) arranged on the surface of the rotor 
(22) and mixing means (44, 46, 144) extending 
inwards from the wail of the mixer casing (30. 430, 
530) and operating together with said members 
(42). 

24. An apparatus in accordance with claim 23, charac- 
terized in that pin-like members (42) are arranged 
to protrude from an annular member arranged on 
the surface of the rotor (22). 

25. An apparatus in accordance (with claim 19, char- 
acterized in that said mixing means (44, 144) are 
arranged to protrude from an annular member (46) 
attached to the interior of the wall of the mixer cas- 
ing (30, 430, 530). 



26. An apparatus in accordance with claim 25, charac- 
terized in that said annular members (46) form said 
means for throttling the flow. 

s 27. An apparatus in accordance with claim 25, charac- 
terized in that said mixing means (44. 144) are 
cogs at the inner edge of said ring (46). 

2a An apparatus in accordance with claims 19 and 23, 
10 characterized in that both said pin-like members 
(42) and said mixing members (44, 144) extending 
in circumferential rows on the internal wall of said 
casing (30. 430. 530). 

is 29. An apparatus in accordance with claim 28, charac- 
terized in that said pin-fike members (42) and said 
mixing members (44, 144) extending from the wall 
of said casing are within an axial distance from 
each other. 

20 

30. An apparatus in accordance with claim 11 or 13, 
characterized in that cross-sectional flow area in 
the mixer is at the minimum between the mixer cas- 
ing (30, 430, 530) and the rotor (22) in the homoge- 

25 nization zone (40, 440). 

31. An apparatus in accordance with claim 23, charac- 
terized in that the number of said pin-like mixing 
members (42) for each pin ring ranges from 2 to 15. 

30 

32. An apparatus in accordance with claim 1 1 , charac- 
terized in that the outlet conduit (418) for gas-fiber 
suspension mixture is at one end (412) of the mixer 
casing (430). 

35 

33. An apparatus in accordance with claim 22, charac- 
terized in that an opening enabling the flow has 
been arranged between the blade (50, 150, 158, 
250, 258) of the rotor (22) and the rotor (22), in 

40 other words the blade (50. 150, 158. 250. 258) is 
located within a distance from the rotor (22). 

34. An apparatus in accordance with claim 22, charac- 
terized in that said ribs (136) are provided with flow 

45 openings, preferably with openings (180) between 
the rib (136) and the wall of the mixer casing. 

35. An apparatus in accordance with claim 22, charac- 
terized in that said ribs (136. 152) are provided with 

so protrusions (178, 176) and said blades (134, 150) 
with recesses (168. 166) operating together with at 
least said protrusions (1 78, 1 76). 

36. An apparatus in accordance with claim 22, charac- 
55 terized in that said blades are provided with protru- 
sions and said ribs with recesses operating 
together with said protrusions. 
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37. An apparatus in accordance with claim 22. charac- 
terized in that said blades (234, 334, 360) are pro- 
vided with openings (362, 364) in order to guide the 
fiber suspension flow to pass through the blade to 
mix the gas tending to accumulate behind the blade 5 
back to the fiber suspension. 

38. An apparatus in accordance with claim 32, charac- 
terized in that the cross-sectional flow area of the 
outlet conduit (418) widens in the flow direction. 10 

39. An apparatus in accordance with claim 38, charac- 
terized in that the tip portion (432) of the rotor (422) 
narrows in the f bw direction. 

75 

40. An apparatus in accordance with Claim 1 1 , charac- 
terized in that the mixer casing (530) is provided 
with a number of discharge conduits (518). 

41 . An apparatus in accordance with Claim 1 1 , charac- 20 
terized in that said casing is at the end of the outlet 
conduit provided with a centrifugal impeller and that 
said casing forms a suction channel of a centrifugal 
pump. 

25 

42. An apparatus in accordance with Claim 12, charac- 
terized in that said at least one throttling ring (46) 
mounted upon said mixer casing (30, 430, 530) is 
provided with cogs (44) extending towards said 
rotor (22). 30 

Patentanspruche 

1. Verfahren zur Zumischung groBer Gasmengen zu 
einer 8- bis 25-%igen Fasersuspension mittlerer 35 
Konsistenz mittels eines Mischers, der ein 
GehSuse hat, das sich in Langsrichtung allgemei- 
nen in der StrOmungsrichtung der Fasersuspension 
erstreckt und mit einer berippten Innenwand, einem 
Eintritt und einem Austritt und einem Laufer verse- 40 
hen ist, der Flugel und eine Welfe aufweist, die sich 
in Langsrichtung innerhalb besagten Gehauses 
erstreckt; 

welches Verfahren folgenden Schritte umfaBt: 

45 

(a) Leitung des Gases und der Fasersuspen- 
sion zum Mischer; 

(b) Zumischung des Gases zur Fasersuspen- 
sion in einem fluidisierten Fluidzustand; und 

(c) Entfernen der somit erhartenen Mischung so 
aus dem Mischer; 

dadurch gekennzeichnet, da 13 
wahrend des Schritts b) die Gas-Fasersuspension- 
Mischung eine Homogenisierungszone (40) durch- ss 
lauft, in der sie in den fluidisierten Zustand versetzt 
wird; und solcherart gedrosselt wird, daB der Ein- 
fluB von Druckschwankungen am Eintritt und Aus- 
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tritt des sich in Langsrichtung erstreckenden 
Ge ha uses wdhrend des Mischprozesses minimiert 
ist und Kanaibildung des Gases vom Eintritt zum 
Austritt verhindert ist 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB Schrrtt b) in drei Unterstufen aufge- 
teilt ist, namlich: 

b1) Vormischstufe zur Fluidisierung der Faser- 
suspension auf Rockenniveau und Verteilung 
des Gases gleichmaBig durch die gesamte 
Suspension; 

b2) Homogenisierungsstufe zur Fluidisierung 
der Fasersuspension wetter auf Faser- oder 
Mikroflockenniveau und Bring en des Gases in 
Kontakt mit jeder Faser/Mikroflocke; und 
b3) Aufrechterhaltungs-/Reaktionstufe zum 
Erharten des Ruidisierungsniveaus hoch 
genug, urn die Abscheidung von Gas und Ent- 
stehung von Gasblasen zu verhindern. 

3. Verfahren nach Anspruch 2, gekennzeichnet 
durch Verlangsamung der Umlaufbewegung der 
Fasersuspension, die durch den Laufer wahrend 
der gesamten Unterstuf e b2) verursacht worden ist, 
indem die umlaufende Fasersuspension gezwun- 
gen wird, ihre StrOmungsrichtung von umlaufend zu 
zumindest teilweise radial mittels Rippen zu 
dndern, die auf der Innenf ISche des Gehauses vor- 
gesehen sind. 

4. Verfahren nach Anspruch 2, gekennzeichnet 
durch Verlangsamung der Umlaufbewegung der 
Fasersuspension, die durch den Laufer wdhrend 
samtlicher Stufen b1). b2) und b3) verursacht wor- 
den ist, indem die umlaufende Fasersuspension 
gezwungen wird, ihre StrOmungsrichtung von 
umlaufend zu zumindest teilweise radial mittels 
Rippen zu andern, die auf der Innenfiache des 
Gehauses vorgesehen sind. 

5. Verfahren nach Anspruch 2, gekennzeichnet 
durch: Intensivierung in zumindest einer der Unter- 
stufen b1) bis b3) der Beimischung von Gas und 
Verhinderung der Abscheidung von Gas aus der 
Fasersuspension hinter den Flugeln des Laufers, 
indem die Fasersuspension in eine Umlaufbewe- 
gung urn die Flugel des Laufers herum versetzt 
wird. 

6. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Rippen mit Spalten oder Offnun- 
gen (180) versehen sind und ein Teil der 
FasersuspensionsstrOmung durch die Spalte Oder 
Offnungen geleitet wird, urn die Ausscheidung von 
Gas hinter den Rippen zu erschweren; 

oder 




EP0 664 



die Rippen mit Sparten oder Offnungen (180) ver- 
sehen sind und ein Teil der Fasersuspensionsstro- 
mung durch die Spalte oder Offnungen geleitet 
wird. urn die Ansammlung von Gas hinter den Rip- 
pen zu verhindern 5 
oder 

verhindert wird. da8 das hinter den Rippen ange- 
sammefte Gas die Rippen entlang ffieBt. indem die 
Rippen mil Spatten oder Offnungen (180) versehen 
werden. und ein Teil der FasersuspensionsstrG- 10 
mung durch die Spalte Oder Offnungen geleitet 
wird. 

7. Verfahren nach Anspruch 2, gekennzeichnet 
durch: 75 
Verhinderung in zumindest einer der Unterstufen 

bl) bis b3) die Abscheidung von Gas, indem die 
Oberfiache der Lauferflugel und/oder Rippen des 
Mischergehauses mrt Einschnitten (166, 168) ver- 
sehen wird um zu verhindern, daB hinter den FI0- 20 
geln und/oder Rippen ein groBer toter Raum 
entsteht, wo das Gas naturlich zum Ausscheiden 
tendiert. 

8. Verfahren nach Anspruch 2, gekennzeichnet 25 
durch: 

Verhinderung in zumindest einer der Unterstufen 
b1 bis b3) der Ausscheidung von Gas hinter den 
Rotorflugein und/oder Rippen des MischergehSu- 
ses, indem die Oberfiache der Lauferflugel 30 
und/oder Rippen des Mischergehauses mrt Ein- 
schnitten (166, 168) versehen wird um zu verhin- 
dern, daB hinter den FlOgeln und/oder Rippen ein 
groBer toter Raum entsteht. 

35 

9. Verfahren nach Anspruch 2, gekennzeichnet 
durch: 

Verhinderung in zumindest einer der Unterstufen 
b1) bis b3) die Ansammlung von Gas hinter den 
Rotorflugein und/oder Rippen des Mischergehau- 40 
ses, indem die Oberfiache der Lauferflugel 
und/oder Rippen des Mischergehauses mit Ein- 
schnitten (166, 168) versehen wird um zu verhin- 
dern, daB hinter den FlOgeln und/oder Rippen ein 
groBer toter Raum entsteht. as 

10. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Mischung aus Fasersuspension 
und Gas bei einer Leistung P tod gemischt wird, 
deren HOhe wie folgt berechnet wird: so 

p tod = K*(1-p g /100rP teor , 

P g = Gasmenge in Suspension als %-Vol.; 
p t9or ■ Leistung, die fOrs Mischen von gas- ss 

freier Suspension erforderlich ist; 

und 

K = vorgegebene Konstante im Bereich von 
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0.9 bis 1 ,0 vorzugsweise im Bereich von 
0.95bis1 t 0. 

1 1 . Vorrichtung zur Zumischung groBer Gasmengen zu 
einer Fasersuspension mittlerer Konsistenz, welche 
Vorrichtung ein langliches Mischergehause (30) 
umfaBt welches Gehause zwei Enden (12. 14), 
zumindest einen SuspensionseinlaBstutzen (16, 
416) und zumindest einen SuspensionsauslaBstut- 
zen (18. 518) und einen in besagtem Gehause 
drehbaren Laufer (22) und eine Welle (24) aufweist, 
die mit einem Antriebsmotor verbunden ist. welche 
Welle sich in der allgemeinen StrCmungsrichtung 
der Fasersuspension erstreckt; 

dadurch gekennzeichnet, daB: 
das Gehause (30, 430, 530) der Vorrichtung zumin- 
dest axial geteilt ist zumindest in: Vormischzone 
(28) und Homogenisierungszone (40); oder Homo- 
genisierungszone (40) und Aufrechterhartungs- 
d.h. Reaktionszone (48); und daB die intensivste 
Mischzone des Mischergehauses (30, 430. 530) 
die Homogenisierungszone (40) ist. die mit Mitteln 
(42. 44, 46, 144) versehen ist sowohl zur Drosse- 
lung der StrOmung durch den Mischer als auch zur 
Homogenisierung der Gas-Fasersuspension- 
Mischung. 

12. Vorrichtung nach Anspruch 11, dadurch gekenn- 
zeichnet, daB die Drosselmittel zumindest einen 
Drosselring (46) umfassen, der auf einem von Lau- 
fer (22) oder Mischergehause (30, 430, 530) mon- 
tiert ist und die Mischorgane (42) damit 
zusammenwirken. 

13. Vorrichtung nach Anspruch 11, dadurch gekenn- 
zeichnet, daB das Gehause (30) der Vorrichtung 
axial in drei Zonen geteilt ist: Vormischzone (28). 
Homogenisierungszone (40) und Aufrechterhal- 
tungs- d.h. Reaktionszone (48. 548). 

14. Vorrichtung nach Anspruch 11 oder 13, dadurch 
gekennzeichnet, daB die Vormischzone (28) mit 
Mitteln (34, 36, 38, 134. 168, 180, 234, 334, 360. 
362, 364) zur Fluidisierung der Fasersuspension 
auf Flockenniveau und Verteilung des Gases 
gleichmaBig durch die gesamte Vormischzone (28) 
versehen ist. 

15. Vorrichtung nach Anspruch 11 oder 13 dadurch 
gekennzeichnet, daB die Homogenisierungszone 
(40, 440) mit Mitteln (42, 44. 46, 144) zur Fluidisie- 
rung der in der Vormischzone (28) erzeugten Gas- 
Fasersuspension-Mischung auf Faser- oder Mikro- 
flockennrveau und zur Leitung des Gases in Kon- 
takt mit den einzelnen Fasern/Mikroflocken 
versehen ist. 

16. Vorrichtung nach Anspruch 11 oder 13. dadurch 
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gekennzeichnet, daB die Aufrechterhaltungs- d.h. 
Reaktionszone (48, 548) mit Mitteln (50, 52. 54. 
150. 158. 166, 176. 250. 258) versehen ist zur 
Erhaltung des Turbulenzniveaus der in der Homo- 
genisierungszone (40. 440) erzeugten homogenen 5 
Gas-Fasersuspension-Mischung auf einem ausrei- 
chend hohen Niveau, um die Errtstehung von Gas- 
blasen zu verhindern und die Mischung homogen 
zu halten. 

w 

1 7. Vorrichtung nach Anspruch 1 4, 1 5 oder 1 6, dadurch 
gekennzeichnet, da6 die Mitte! einen Laufer (22) 
umfassen, wovon sich zumindest ein Teil von einem 
Ende (14) der Vorrichtung durch die ganze Vorrich- 
tung hindurch bis dicht an das andere Ende (12) 15 
erstreckt 

18. Vorrichtung nach Anspruch 14, 15 Oder 16, dadurch 
gekennzeichnet, daft die Mitte! Mischmittel (50. 
150, 158, 166. 250, 258) umfassen, die auf der 20 
Oberflache des Laufers (22), angeordnet sind. 

19. Vorrichtung nach Anspruch 18, dadurch gekenn- 
zeichnet, daB die Mittet Mischmittel (52, 176) 
umfassen, die auf der Innenfiache des Mischerge- 25 
hauses (30, 430. 530) angeordnet sind und zusam- 
men mit den Mischmitteln (50, 150. 158) des 
Laufers (22) wirken. 

20. Vorrichtung nach Anspruch 18, dadurch gekenn- 30 
zeichnet, daB die Mittel Mischmittel (54) umfassen. 

die zumindest an einem Ende (14) des Mischerge- 
hauses (30, 430, 530) angeordnet sind und mit den 
Mitteln (50, 150) des Laufers (22) zusa mm en wir- 
ken. 35 

21. Vorrichtung nach Anspruch 19 oder 20, dadurch 
gekennzeichnet, daB sich die Mischmittel (52, 54, 
176) radial innerhalb eines Abstands von den 
Mischmitteln (50, 150, 158. 166, 250, 258) des Lau- 40 
fers (22) bef inden. 
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zeichnet, daB die zapfenartigen Organe (42) derart 
angeordnet sind, daB sie von einem auf der Ober- 
flache des Laufers (22) arrangierten ringfdrmigen 
Organ vorspringen. 

25. Vorrichtung nach Anspruch 19, dadurch gekenn- 
zeichnet, daB die Mischmittel (44, 144) derart 
arrangiert sind daB von einem an der Innenwand 
des Mischergehauses (30, 430. 530) befestigten 
ringfOrmigen Organ (46) hervorspringen. 

26. Vorrichtung nach Anspruch 25. dadurch gekenn- 
zeichnet, daB die ringfdrmigen Organe (46) die 
Mittel zur Drosselung der StrOmung bilden. 

27. Vorrichtung nach Anspruch 25. dadurch gekenn- 
zeichnet, daB die Mischmittel (44. 144) Zahne an 
der Innenkarrte des Rings (46) sind. 

28. Vorrichtung nach Anspruch 19 und 23, dadurch 
gekennzeichnet daB sich sowoht die zapfenarti- 
gen Organe (42) als auch Mischorgane (44, 144) in 
umlaufenden Reihen an der Innenwand des 
Gehauses (30, 430, 530) erstrecken. 

29. Vorrichtung nach Anspruch 28, dadurch gekenn- 
zeichnet, daB die sich von der Wand des Gehau- 
ses erstreckenden zapfenartigen Organe (42) und 
Mischorgane (44, 144) sich innerhalb eines axialen 
Abstands voneinander bef inden. 

30. Vorrichtung nach Anspruch 11 oder 13, dadurch 
gekennzeichnet, daB der DurchfluBquerschnitt im 
Mischer am kleinsten zwischen Mischergehause 
(30, 430, 530) und Laufer (22) in der Homogenisie- 
rungszone (40. 440) ist 

31. Vorrichtung nach Anspruch 23. dadurch gekenn- 
zeichnet, daB die Anzahl der zapfenartigen Misch- 
organe (42) bei jedem Zapfenring zwischen 2 und 
15 liegt. 



22. Vorrichtung nach Anspruch 14, 15 oder 16. dadurch 
gekennzeichnet, daB die Mittel Rippen (36, 52, 
136) an der Wand des Mischergehauses (30) und 45 
Flugel (34. 50, 134, 150, 158, 234, 250, 334) des 
Laufers (22) umfassen, die sich radial uber einen 
Abstand von den Rippen (36, 52, 136) erstrecken. 

23. Vorrichtung nach Anspruch 1 4, 1 5 oder 1 6, dadurch so 
gekennzeichnet, daB die Mittel auf der Oberflache 
des Laufers (22) angeordnete zapfenartige Organe 
(42) und Mischmittel (44, 46, 144) umfassen, die 
sich von der Wand des Mischergehauses (30, 430, 
530) nach innen erstrecken und mit den Organen ss 
(42) zusammenwirken. 

24. Vorrichtung nach Anspruch 23, dadurch gekenn- 



32. Vorrichtung nach Anspruch 11. dadurch gekenn- 
zeichnet, daB sich der Austrittsstutzen (418) fur 
Gas-Fasersuspension-Mischung an einem Ende 
(412) des Mischergehauses (430) befindet. 

33. Vorrichtung nach Anspruch 22. dadurch gekenn- 
zeichnet, daB eine die Strdmung erm&glichende 
Offnung zwischen dem FlOge! (50, 150, 158, 250, 
258) des Ldufers (22) und dem Laufer (22) ange- 
ordnet ist, das heiBt der Flugel (50. 150, 158, 250, 
258) ist innerhalb eines Abstands vom Laufer (22) 
angeordnet. 

34. Vorrichtung nach Anspruch 22, dadurch gekenn- 
zeichnet, daB die Rippen (136) mit StrGmungsWf- 
nungen. vorzugsweise mit Offnungen (180) 
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zwischen Rippe (136) und Wand des Mischerge- 
hauses versehen sind. 

35. Vorrichtung nach Anspruch 22, dadurch gekenn- 
zeichnet, daB cfie Rippen (136, 152) mit Vorsprun- s 
gen (178. 176) und die Flugel (134, 150) mit 
Vertiefungen (168, 166) versehen sind. die zumin- 
dest mit den Vorsprungen (178, 176) zusammen- 
wirken. 

10 

36. Vorrichtung nach Anspruch 22, sagte dadurch 
gekennzeichnet, daB die FlOgel mit Vorsprungen 
und die Rippen mit Vertiefungen versehen sind, die 
mit den Vorsprungen zusammenwirken. 

75 

37. Vorrichtung nach Anspruch 22, dadurch gekenn- 
zeichnet, daB die Flugel (234, 334, 360) mit Off- 
nungen (362,364) versehen sind. urn die 
FasersuspensionsstrOmung durch den Flugel zu 
leiten, urn das Gas, das sich hinter dem Flugel 20 
ansammeln will, der Fasersuspension wieder bei- 
zumischen. 

38. Vorrichtung nach Anspruch 32, dadurch gekenn- 
zeichnet, daB sich der DurchfluBquerschnitt des 25 
AuslaBstutzens (418) in StrGmungsrichtung erwei- 
tert. 

39. Vorrichtung nach Anspruch 38,. dadurch gekenn- 
zeichnet, daB sich der Spitzenabschnitt (432) des 30 
Laufers (422) in der StrGmungsrichtung verjungt 

40. Vorrichtung nach Anspruch 11, dadurch gekenn- 
zeichnet, daB das Mischergehause (530) mit einer 
Anzahl Ablaufstutzen (518) versehen ist. 35 

41. Vorrichtung nach Anspruch 11, dadurch gekenn- 
zeichnet, daB Gehause am Ende des AuslaBstut- 
zens mit einem Zentrifugallaufrad versehen ist und 
daB das Gehause einen Saugkanal einer Kreisel- 40 
pumpe bildet. 

42. Vorrichtung nach Anspruch 12, dadurch gekenn- 
zeichnet, daB zumindest ein am Mischergehause 
(30, 430, 530) montierter Drosselring (46) mit Zah- as 
nen (44) versehen ist, die sich zum Laufer (22) hin 
erstrecken. 

Revendications 

50 

1. Proc6d6 de melange de quantity importantes de 
gaz dans une suspension de fibres k consistance 
moyenne, de 8% a 25%, au moyen d'un mGlangeur 
pr6sentant un logement s'etendant longitudinale- 
ment dans la direction d'ecoulement gen£rale de ss 
ladrte suspension de ftores et pourvu d'une paroi 
interieure pr6sentant des nervures, une entree et 
une sortie, et un rotor muni d'ailettes et un arbre 



s'etendant longrtudinalemerrt a I'interieur dudit loge- 
ment; 

I edit proc6de comprenant les stapes suivan- 
tes consistant : 

(a) a faire passer lesdits gaz et suspension de 
fibres dans le meiangeur; 

(b) a meianger ledrt gaz dans la suspension de 
fibres a I'etat f lutde f Iuidis6; et 

(c) a extraire le melange ainsi obtenu du 
meiangeur; 

caracterise en ce que 

au cours de retape (b) le melange de gaz -suspen- 
sion de fibres traverse une zone d'homog6neisation 
(40) dans laquelle il est transform^ en ledrt etat f lui- 
dis6; et ii est strangle de facon a mtnimiser I'effet de 
fluctuation de pression a I'entree et a la sortie dudit 
logement se prolongeant longrtudinalemerrt au 
cours du procede de melange et de facon a eviter 
une canalisation du gaz depuis ladrte entree 
jusqu'a ladrte sortie. 

2. Procede selon la revendication 1 , caracterise en ce 
que retape b) est divisee en trois sous-6tapes, a 
savoir: 

b1) une atape de pr6melange consistant a flui- 
diser la suspension de fibres jusqu'a un niveau 
de floes et a distribuer le gaz, uniformement, a 
t ravers la totality de la suspension; 
b2) une atape d'homoganeisation consistant a 
flurdiser la suspension de fibres au-deia d'un 
niveau de f tores ou de microf Iocs et a amener 
le gaz en contact avec chaque fibre/microfloc; 
et 

b3) une atape de maintenance/reaction consis- 
tant a maintenir le niveau de fluidisation suffi- 
samment aieva afin d'empecher la separation 
du gaz et la generation de bulles de gaz. 

3. Procede selon la revendication 2, caracterise par le 
fait que Con deceiere le mouvement de rotation de 
la suspension de fibres provoque par le rotor durant 
toute la sous-etape b2) afin que la suspension de 
fibres en rotation soit contrainte de changer sa 
direction d'ecoulement d'une direction rotative en 
une direction au moins partiellement radiale au 
moyen de nervures pr6vues sur la surface inte- 
rieure dudit logement. 

4. Procede selon la revendication 2, caracterise par le 
fait que Ton deceiere le mouvement de rotation de 
la suspension de fibres provoque par le rotor durant 
toutes les sous-etapes b1), b2) et b3) en forcant la 
suspension de fibres en rotation a changer sa 
direction d'ecoulement de la direction rotative en 
une direction au moins partiellement radiale au 
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moyen de nervures pr£vues sur la surface int£- 
rieure dudit logemerrt 

5. Procede selon la revendication 2, caracterise par le 
fait que Ton intensrfie dans au moins Tune des s 
sous-etapes b1) - b3), le melange de gaz et que 
Ton emp§che la separation du gaz k partir de la 
suspension de fibres derriere les ailettes du rotor 

en soumettarrt la suspension de fibres k un mouve- 
ment de rotation autour des ailettes du rotor. 10 

6. Procede selon la revendication 1 , caracterise en ce 
que lesdites nervures sont munies d'intervalles ou 
d'orifices (180) et Ton fait passer une parte du cou- 
rant de la suspension de fibres au travers desdits 75 
intervalles ou orifices, af in de rendre plus difficile la 
separation du gaz en arriere desdites nervures; 

ou 

lesdites nervures sont pourvues d'intervalles ou 
d'orrfices (180) et Ton fait passer une partie du cou- 20 
rant de la suspension de fibres k travers lesdits 
intervalles ou orifices, afin demp§cher I'accumula- 
tion du gaz en arriere desdites nervures; 
ou 

I on emp§che que le gaz s6par6 derriere lesdites 25 
nervures ne s'6coule le long desdites nervures en 
munissant lesdites nervures d'intervalles ou d'orrfi- 
ces (180) et Ton fait passer une partie du courant 
de la suspension de fibres au travers desdits inter- 
valles ou orifices. 30 

7. Proc6d6 selon la revendication 2, caracterise par le 
fait que Ton entrave, au cours d'au moins Tune des 
sous-etapes b1) - b3, la separation du gaz en pour- 
voyant la surface des ailettes du rotor et/ou les ner- 35 
vures du logement du meiangeur, d'encoches (166, 

1 68) afin d'emp§cher la formation d'un espace mort 
de dimension importante derriere lesdites ailettes 
et/ou nervures, dans lequel un gaz tend naturelle- 
ment k se s&parer. ao 

8. Procede selon la revendication 2, caracterise par le 
fait que Ton empSche au cours d'au moins Tune des 
sous-etapes b1) - b3) la separation du gaz derriere 

les ailettes du rotor et/ou les nervures du logement 45 
du meiangeur en pourvoyant la surface des ailettes 
du rotor et/ou les nervures du logement du meian- 
geur, d'encoches (166, 168) afin d'emp§cher la for- 
mation d'un espace mort de dimension importante 
derriere lesdites ailettes et/ou nervures. so 

9. Procede selon la revendication 2, caract6ris6 par le 
fait que Ton emp§che au cours d'au moins Tune des 
sous-etapes b1) - b3) ('accumulation du gaz der- 
riere les ailettes du rotor et/ou les nervures du loge- 55 
ment du meiangeur en pourvoyant la surface des 
ailettes du rotor et/ou les nervures du logement du 
meiangeur, d'encoches (166, 168) afin d'emp§cher 



la formation d'un espace mort de grande dimension 
derriere lesdites ailettes et/ou nervures. 

10. Procede selon la revendication 1 , caracterise par le 
fait que le melange de la suspension de f bres et de 
gaz est melange k une puissance P^ dont la 
quantite est calcuiee ainsi qu'il suit : 





PtOd-K'O-Pg/lOO) *P tBO , 


P 9 


= la quantite de gaz dans la suspension 




en tant que vol-%; 


P teor 


= la puissance exig6e pour le melange de 




la pate exempt e de gaz; et 


K 


= une plage constante predeterminee 




allant de 0,9 k 1,0, de preference une 




plage allant de 0,95 £ 1,0. 



11. Dispositif pour m6langer des quantites important es 
de gaz dans une suspension de fibres k consis- 
tance moyenne, qui comprend un logement de 
meiangeur allonge (30), le logement presentant 
deux extremites (12, 14), au moins une conduite 
d* entree de la suspension (16, 416) et au moins 
une conduite de sortie de la suspension (18, 518), 
et un rotor (22) rotatif dans iedit logement et un 
arbre (24) fix6 audit rotor et entraTnant celui-ci, Iedit 
arbre s'etendant dans la direction d'ecoulement 
generale de la suspension de f tores; 

caracterise en ce que : 
le logement (30, 430. 530) du dispositif est axiale- 
ment divise en au moins : une zone de premeiange 
(28) et une zone d'homogeneisation (40); ou une 
zone d'homogeneisation (40) et en une zone de 
maintenance, c'est-a-dire de reaction (48); et en ce 
que la zone de melange la plus intense du loge- 
ment du meiangeur (30, 430, 530) est la zone 
d'homogeneistion (40) qui est pourvue de moyens 
(42, 44, 46, 144) k la fois pour etrangter le courant 
par I'intermediaire du meiangeur et pour f luidiser le 
melange de gaz-suspension de fibres. 

12. Dispositif selon la revendication 11, caracterise en 
ce que lesdits moyens d'etranglement compren- 
nent au moins un anneau d'etranglement (46) 
monte sur Tun desdits elements rotor (22) ou loge- 
ment du meiangeur (30, 430. 530) et de melange 
(42) fonctionnant ensemble avec celui-ci. 

13. Dispositif selon la revendication 11, caracterise en 
ce que le logement (30) du dispositif est divise axia- 
lement en trois zones : une zone de premeiange 
(28), une zone d'homogeneisation (40) et une zone 
de maintenance c*est-&-dire de reaction (48, 548). 

14. Dispositif selon la revendication 11 ou 13, caracte- 
rise en ce que la zone de premeiange (28) est 
munie de moyens (34, 36, 38. 134, 168, 180, 234, 
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334, 360, 362, 364) pour f luidiser ladite suspension 
de fibres jusqu'd un niveau de floes et distrtouer 
led it gaz unifor moment k travers toute la zone de 
pr6m6lange (28). 

5 

15. Disposrtif selon la revindication 11 ou 13. caracte- 
rise en ce que la zone dtiomogeneisation (40. 440) 
comprend des moyens (42, 44, 46, 144) pour f luidi- 
ser le melange de gaz-suspension de f tores produit 
dans la zone de pr6meiange (28) k un niveau de 10 
fibres ou de microf Iocs et pour faire passer ledit gaz 

en contact avec chaque f ibre/microf loc. 

16. Disposrtif selon la revendication 1 1 ou 13. caracte- 
rise en ce que la zone de maintenance, c est-d-dire 75 
la zone de reaction (48, 548) est pourvue de 
moyens (50, 52, 54, 150, 158, 166, 176, 250. 258) 
pour maintenir le niveau de turbulence du melange 
homogene gaz-suspension de fibres produit dans 

la zone d'homog6n6isation (40, 440) k un niveau 20 
suffisamment eiev6 afin d'empecher la generation 
de bulles de gaz et afin de maintenir ie melange 
homogene. 

17. Disposrtif selon la revendication 14. 15 ou 16, 25 
caracterise en ce que lesdits moyens comprennent 

un rotor (22), dont au moins une partie s*£tend k 
partir d'une extr6mite (14) du disposrtif k travers 
tout le dispositif jusqu'& proximity immediate de 
I'autre extremrte (1 2). 30 

18. Disposrtif selon la revendication 14, 15 ou 16, 
caracterise en ce que lesdits moyens comprennent 
des moyens de melange (50, 150, 158, 166, 250, 
258) disposes sur la surface du rotor (22). 35 

19. Dispositif selon la revendication 18, caracterise en 
ce que lesdits moyens comprennent des moyens 
de melange (52, 176) disposes sur la surface inte- 
rieure du logemerrt du meiangeur (30, 430, 530) 40 
fonctionnant ensemble avec des moyens de 
melange (50, 150, 158) du rotor (22). 

20. Disposrtif selon la revendication 18, caracterise en 

ce que lesdits moyens comprennent des moyens 45 
de melange (54) disposes au moins k une extre- 
mite (14) du logemerrt du meiangeur (30, 430, 530), 
fonctionnant ensemble avec des moyens de 
melange (50, 150) du rotor (22). 

50 

21. Disposrtif selon la revendication 19 ou 20, caracte- 
rise en ce que lesdits moyens de melange (52. 54, 
176) sont srtu£s radialement k une distance desdrts 
moyens de melange (50. 150, 158, 166, 250, 258) 
dudrt rotor (22). ss 



des nervures (36, 52. 136) sur la paroi du logemerrt 
du meiangeur (30) et des ailettes (34, 50, 134. 150, 
158. 234. 250, 334) du rotor (22) se prolongent 
radialement k une distance desdrtes nervures (36. 
52, 136). 

23. Dispositif selon la revendication 14, 15 ou 16. 
caracterise en ce que lesdits moyens comprennent 
des elements du type broche (42) disposes sur la 
surface du rotor (22) et des moyens de melange 
(44. 46. 1 44) s'6tendant vers I'interieur k partir de la 
paroi du logemerrt du meiangeur (30. 430, 530) et 
fonctionnant ensemble avec lesdits elements (42). 

24. Dispositif selon la revendication 23. caracterise en 
ce que les elements du type broche (42) sont dispo- 
ses de facon k faire saillte k partir cfun element 
annulaire dispose sur la surface du rotor (22). 

25. Disposrtif selon la revendication 19, caracterise en 
ce que lesdits moyens de melange (44, 144) sont 
disposes de facon k faire saillie k partir d'un ele- 
ment annulaire (46) fixe k llnterieur de la paroi du 
logemerrt du meiangeur (30. 430. 530). 

26. Dispositif selon la revendication 25, caracterise en 
ce que lesdits elements annulaires (46) constituent 
lesdits moyens pour etrangler le courarrt. 

27. Disposrtif selon la revendication 25, caracterise en 
ce que lesdits moyens de melange (44. 144) sont 
des dents sur le bord interieur dudrt anneau (46). 

28. Dispositif selon les revindications 19 et 23, carac- 
terise en ce que lesdits deux elements du type bro- 
che (42) et lesdits elements de melange (44. 144) 
s'etendent en rangees circonferentielles sur la 
paroi tnterieure dudrt logement (30. 430. 530). 

29. Disposrtif selon la revendication 28, caracterise en 
ce que lesdits elements du type broche (42) et les- 
dits elements de melange (44, 144) s'etendant k 
partir de la paroi dudrt logement sont situes k une 
distance axiale les uns des autres. 

30. Disposrtif selon la revendication 11 ou 13, caracte- 
rise en ce que I'aire de la section droite d'6coule- 
merrt dans le meiangeur est k un minimum errtre le 
logemerrt du meiangeur (30, 430, 530) et le rotor 
(22) dans la zone d'homogeneisation (40, 440). 

31. Disposrtif selon la revendication 23. caracterise en 
ce que le nombre desdits elements de melange du 
type broche (42) pour chaque rang6e de broches 
variede 2 k 15. 



22. Disposrtif selon la revendication 14. 15 ou 16. 32. Dispositif selon la revendication 1 1 , caracterise en 
caracterise en ce que lesdits moyens comportent ce que la conduite de sortie (418) pour un melange 
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de gaz-suspension de f bres est situ6e & une extr6- ledit rotor (22). 

mite (412) du logement du mGlangeur (430). 



33. Disposrtif selon la revendication 22, caract6ris6 en 
ce qu'un orifice permettant l'6coulement a 616 dis- s 
pos6 errtre I'ailette (50. 150. 158, 250, 258) du rotor 
(22) et le rotor (22), en d'autres termes I'ailette (50, 
150, 158, 250, 258) est srtu£e k une distance du 
rotor (22). 

w 

34. Disposrtif selon la revendication 22, caract6ris6 en 
ce que lesdrtes nervures (136) component des ori- 
fices d'6coulemerrt, de preference des orifices 
(180) entre la nervure (136) et la paroi du logement 

du mglangeur. is 

35. Disposrtif selon la revendication 22, caract6ris6 en 
ce que lesdites nervures (136, 152) sont pourvues 
de saillies (178. 176) et lesdites ailettes (134. 150) 
d'gvidements (168, 166) fonctionnarrt ensemble au 20 
moins avec lesdites saillies (1 78, 1 76). 

36. Disposrtif selon la revendication 22, caract6ris6 en 
ce que lesdites ailettes sont pourvues de saillies et 
lesdites nervures cf6videments fonctionnarrt 25 
ensemble avec lesdrtes saillies. 

37. Disposrtif selon la revendication 22, caract6ris6 en 
ce que lesdites ailettes (234, 334, 360) pr6sentent 
des orifices (362, 364) afin de guider le courant de 30 
la suspension de f bres pour qu'il traverse D'ailette 

de fagon & m6langer le gaz, tendant d s'accumuler 
denize I'ailette, de nouveau dans la suspension de 
fibres. 

35 

38. Disposrtif selon la revendication 32, caract6ris6 en 
' ce que Taire de section droite d'6cou!ement de la 

conduite d'entr6e (418) s'agrandit dans la direction 
d'6coulement. 

40 

39. Disposrtif selon la revendication 38. caract£ris£ en 
ce que la portion d'extr6mit6 (432) du rotor (422) se 
r6tr£cit dans la direction d'6coulement. 

40. Disposrtif selon la revendication 1 1 , caract6ris6 en 45 
ce que le logement du mglangeur (530) est 6quip6 

de plusieurs condurtes d'6vacuation (518). 

41. Dispositif selon la revendication 11, caract£ris& en 

ce que ledit logement est, d I'extrgmite de la con- so 
duite de sortie, muni d'une h6lice centrifuge et en 
ce que ledit logement constitue un canal d'aspira- 
tion d'une pompe centrifuge. 

42. Dispositif selon la revendication 12, caract£ris£ en 55 
ce que ledit au moins un anneau d'6tranglement 
(46), monte sur ledit logement du m6langeur (30, 
430, 530), est pourvu de dents se prolongeant vers 
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